This phase II / III clinical trial was conducted to evaluate the immunogenicity and safety of the Tetravalent Influenza vaccine (Split virion) I.P. (TetIV) developed indigenously in the country for the first time by M/s Cadila Healthcare Limited, India containing two influenza A and two influenza B strains, one of each, Yamagata (B/Phuket) and Victoria (B/Brisbane) lineage and also compare it to that of an licensed seasonal Trivalent Influenza vaccine (TriIV) of Sanofi Pasteur India Private Limited, containing the two influenza A and only the Yamagata lineage (B/Phuket) strain. Three hundred and fifty subjects of either sex, aged more than 18 years of age, were randomized in a 1:1 ratio to receive either the TetIV or TriIV. Immunogenicity assessments (antibody against A/H1N1, A/H3N2, B/Phuket and B/Brisbane) were done by Haemagglutination Inhibition assay at baseline and 21 d after vaccination. Solicited (local and systemic) and unsolicited adverse events were recorded for up to 42 d following vaccination. The TetIV was found to fulfill the criteria set by the European and the US regulatory authorities and WHO guidance on the requirements of clinical data for licensure of seasonal inactivated influenza vaccines. The seroconversion rates with TetIV were 93.5% for A/H1N1, 90.0% for A/H3N2, 70.0% for B/Phuket and 82.9% for B/Brisbane strain. There was no significant difference in the seroconversion and seroprotection rates at day 21 for A/ H1N1, A/H3N2 and B/Phuket in the two groups while the TetIV was superior to the TrivIV for the seroconversion and the seroprotection rate for the B/Brisbane strain (Victoria lineage). Both the vaccines were well tolerated by all the study participants; addition of the fourth strain in the TetIV did not compromise the safety as compared to TriIV. The most common systemic adverse event reported in both the groups was headache followed by fever.
Introduction
Influenza is a highly infectious respiratory disease affecting all the age groups with the most vulnerable populations being the young children, the elderly and individuals with chronic diseases. 1 It is a major cause of hospitalization and deaths in the elderly population and those with chronic illnesses. Among the healthy adults, influenza is an important cause of outpatient medical visits and worker absenteeism, burdening health care systems and leading to substantial societal costs. 2 Although new antivirals agents have improved the ability to treat influenza infection, the most effective means for reducing the number of influenza cases is the annual vaccination. Vaccine effectiveness depends on the similarity between the virus strains present in the vaccine and those circulating in the community. Trivalent influenza vaccines are traditionally composed of one A/H1N1 strain, one A/H3N2 strain, and one B strain, each chosen to provide protection against the strains anticipated to circulate during the upcoming influenza season. Two distinct lineages of influenza B (the Victoria and Yamagata lineages) have co-circulated worldwide since 2000; neither providing good cross-protection against the other.
3 Unfortunately, the ability to predict with acceptable accuracy which B lineage will be dominant in an upcoming season has been unsatisfactory, with frequent mismatches. The inclusion of an influenza B strain from both the Victoria and Yamagata lineages in a quadrivalent / tetravalent vaccine could improve protection against influenza B, and could reduce the burden of seasonal influenza illness, hospitalization, and death. 4 As such, for the first time, the World Health Organization (WHO) recommended B2012-2013 season in the Northern Hemisphere. 5 Following the WHO recommendation, various vaccine manufacturers have developed quadrivalent / tetravalent influenza vaccines but none of these vaccines is approved and marketed in India.
Considering the WHO recommendation and the need of a better influenza vaccine in India, M/s Cadila Healthcare Limited has developed a Tetravalent Influenza vaccine (Split virion) I.P. (TetIV), containing two A strains (H1N1 & H3N2) and two B strains (Yamagata & Victoria) for the first time in the country. The vaccine has been shown to be safe in preclinical animal toxicity studies and in phase I study in adult subjects. 6 This phase II / III clinical trial was conducted in adult healthy subjects of either sex to evaluate the immunogenicity and safety of TetIV of M/s Cadila Healthcare Limited for fulfillment of serologic parameters required for influenza vaccines and also compare them with that of another licensed seasonal Trivalent Influenza vaccine (Vaxigrip, Sanofi Pasteur India Private Limited) (TriIV).
Results
Three hundred and fifty subjects were enrolled in this randomized, single blind, active controlled, multicenter phase II / III clinical trial. One hundred and seventy six subjects were assigned to the TetIV group and 174 subjects to the TriIV group. All the 176 subjects of TetIV group completed their post vaccination 30-minute observation period and were thus considered for safety analysis. Six subjects in the TetIV group did not complete the study as per the protocol (5 lost to follow up, 1 violation) and hence, 170 subjects were considered for the per protocol immunogenicity analysis. Among the 174 subjects in the TriIV group, 168 were considered for the per protocol immunogenicity analysis (4 lost to follow-up; 2 violations), and all 174 were considered for safety analysis. The flow of subjects through the study is shown in Fig. 1 . The demographic and baseline characteristics of the subjects are shown in Table 1 . Table 2 presents the primary immunogenicity end point data i.e. the seroconversion rate and the seroprotection rate for all the four strains at day 21 in the TetIV group. The lower bound of the 95% CI of the seroconversion rate and the seroprotection rate was greater than the recommended limit of 40% and 70%, respectively for all the four strains in the TetIV group, thus fulfilling the primary criteria as adapted from the Committee for Medicinal Products for Human Use (CHMP), 7 US Food and Drug Administration (US FDA) 8 and World health Figure 1 . Flow of subjects in the study. Organization (WHO) 9 guidance on the requirements of clinical data for licensure of seasonal inactivated influenza vaccines.
Immunogenicity
The comparison of the seroconversion rate, the seroprotection rate and the geometric mean titers (GMT) in the two groups is shown in Table 3 . There was no significant difference in the seroconversion and the seroprotection rates at day 21 for A/H1N1, A/H3N2 and B/Phuket in the two groups. The GMT at day 21 after vaccination for A/H1N1 was superior in the TetIV group as compared to the TriIV group while there was no significant difference in the GMTs for A/H3N2 and B/Phuket in the two groups. The TetIV was superior to the TriIV for all the three immunogenicity parameters i.e. the seroconversion rate, the seroprotection rate and the GMT at day 21 after vaccination for the B/Brisbane strain (Victoria lineage). This was due to the presence of the additional B/Brisbane strain in the TetIV as compared to the TriIV. Table 4 presents the age stratified immunogenicity data in the adults and the elderly. The lower bound of the 95% CI of the seroconversion rate and the seroprotection rate was greater than the recommended limit of 40% & 70%, respectively for the adult cohort and 30% & 60%, respectively for the elderly cohort for all the four strains in the TetIV group, thus fulfilling the criteria for licensure of the seasonal inactivated influenza vaccines.
Safety
Twenty six adverse events were reported in 20 subjects in the TetIV group (11.4% adverse event rate), and 39 adverse events were reported in 27 subjects in the TriIV group (15.5% adverse event rate). The most common local adverse event reported during the study was pain at the site of injection and the most common systemic adverse event reported during the study was headache followed by fever and nausea & vomiting in both the groups. The details of the solicited adverse events reported during the study are shown in Fig. 2 . There was no difference in the adverse event profile between the two groups (P>0.05). The unsolicited adverse events reported during the study included upper respiratory tract infection (1.7%), vertigo (1.7%) and body ache (0.6%) in the TetIV group and upper respiratory tract infection (2.9%), vertigo (1.1%), joint pain (1.7%), back pain (0.6%) and weakness (0.6%) in the TriIV group.
Twenty five of the 26 adverse events in the TetIV group and 35 of the 38 adverse events reported in the TriIV group were "mild" in severity. Most of the adverse events lasted for 1-3 d (96.2% in the TetIV group, and 79.5% in the TrivIV group). All the adverse events resolved completely, with or without symptomatic treatment, during the study period. No "serious" or "severe" adverse events were reported in the subjects during the study.
Subgroup analysis of safety data showed that there was no difference in the adverse events reported in the adults and the elderly subjects during the study. Among the 113 adult subjects (>18 -60 years) in the TetIV group, 13 subjects had 18 adverse events (adverse event rate of 11.5%) while among the 63 elderly subjects, 7 subjects had 8 adverse events (adverse event rate of 11.1%). The most common adverse event reported in the elderly subjects was headache.
Discussion
This study presents the results of the phase II/III clinical trial conducted to assess the immunogenicity and safety of tetravalent influenza vaccine of M/s Cadila Healthcare Limited in Indian subjects aged 18 years, the first such vaccine to have been developed indigenously in the country. The study showed that the new vaccine was able to elicit a strong Haemagglutination Inhibition (HI) antibody response against all the four strains i.e. A/H1N1, A/H3/N2, B/Yamagata (B/Phuket) & B/ Data expressed as n (%) (95% CI). Victoria (B/Brisbane) and fulfilled the immunogenicity criteria as adapted from the CHMP, US FDA and WHO guidance on the requirements of clinical data for licensure of seasonal inactivated influenza vaccines. The TetIV had superior antibody response for the additional B strain (B/Victoria) compared to the TriIV in which the strain was absent. When a new strain is added to a vaccine, it is important to ensure that the new antigen does not interfere with the immune response to the existing vaccine antigens. For the TetIV in our study, the absence of this interference was established by demonstrating comparability between the HI antibody responses elicited by the TetIV and the approved TriIV for the three shared strains; there was no significant difference in the seroconversion rates & the seroprotection rates to the three shared strains and in the GMTs against the two shared strains (A/H3N2 and B/Phuket) in the two vaccines. The higher GMT response against A/H1N1 with the TetIV could be attributed to the variation in the antigenic content between the two vaccine formulations.
Although influenza B causes disease in all the age groups, it is believed to have a higher incidence rate in the older children and young adults while influenza A is reported to be associated with higher rates of influenza related complications and deaths in the elderly. 10 Nonetheless, influenza B is responsible for epidemics in adults every 2-4 years and infection with influenza B virus confers an important risk of severe illness and hospitalization. 10, 11 Based on the burden of influenza B and the inability to accurately predict which influenza B lineage will circulate, it is pertinent that addition of both the lineages of the influenza B strains in the seasonal influenza vaccines will improve their effectiveness. Further, this provides a direct benefit to the vaccine recipients whenever the circulating influenza B virus(es) does not match the lineage chosen for the trivalent vaccines, either because the lineage prediction was incorrect or because both lineages co-circulated to a significant degree. Moreover, in seasons in which influenza B circulation is minimal or B viruses are well matched to the trivalent vaccine strain, vaccination with a tetravalent influenza vaccine still provides benefit to the individual by increasing immunity to both the lineages of influenza B, with potential clinical benefit in subsequent seasons. This accumulated immunity has more relevance for influenza B than for influenza A because antigenic drift is more limited with influenza B viruses.
11
The seroconversion rates with the TetIV day 21 after the vaccination were 93.5%, 90.0%, 70.0% and 82.9% for A/H1N1, A/H3N2, B/Yamagata and B/Victoria, respectively, showing that the immune response against influenza A strains is stronger than the influenza B strains. These results are better than the results of the other tetravalent / quadrivalent influenza vaccines approved and marketed in other countries. In one of the Phase III clinical trials with quadrivalent influenza vaccine manufactured by GlaxoSmithKline (GSK), Dresden, Germany, the seroconversion rates for A/H1N1, A/H3N2, B/Yamagata and B/Victoria were 77.5%, 71.5%, 58.1% and 61.7%, respectively. 10 In another Phase III clinical trial conducted with quadrivalent influenza vaccine manufactured by Sanofi Pasteur (Swiftwater, PA, USA), the seroconversion rates for the four strains as mentioned above were 69%, 79%, 40% and 71%, respectively. 12 The better immune response in the current study could be attributed to the ethnic differences in the population studied. This is the first study showing the immunogenicity of Trivalent and Tetravalent Influenza vaccines in the Indian population and hence no historical data in the local population is available for comparison.
It was noted in our study that besides the good HI antibody titers against the three shared strains in the TriIV, it also showed seroconversion (55.4%) and seroprotection (82.1%) against the unshared B/Brisbane strain (B/Victoria lineage), although these were significantly lower than that with the TetIV. These results are in line with those seen in previous trials wherein the seroconversion and the seroprotection rates were 47.5% and 96.1% respectively for the B/Victoria lineage with Trivalent vaccine containing B/Yamagata strain and the results for B/Yamagata were 45.6% and 97.9% with the Trivalent vaccine containing the B/Victoria strain. 10 This booster response to the B lineage absent from the trivalent influenza vaccine is likely to be due to high baseline antibody levels (66 of the 168 subjects i.e. 39.3% had antibody level 40 at baseline, data not shown in results section). Moreover, as this trial was conducted from October 2015 to February 2016 which was peak season for influenza in India, environmental exposure and subclinical infection could also have contributed to rise in antibody titres against the B strain absent from the vaccine. Nevertheless, these cross reactive antibodies do not co-relate with protection, as very high rates of infection have been observed in the elderly population exposed to vaccine-lineage mismatched influenza B viruses even when the vaccine had elicited cross-reactive booster response. 10, 13 One of the priority groups for influenza vaccination is the elderly population with age more than 60 years. Also, it has also been known that the elderly population has diminished response to influenza vaccines. 12, 14 The age stratified data in our study showed that the HI antibody response appeared to decrease with advancing age. The GMT for all the 4 strains was higher in subjects age 18-60 years as compared to >60 years of age (except for GMT of A/H3N2 in TetIV group). Nevertheless, serological assessments for both the vaccines in the study met the CHMP criteria for each strain for both the age groups. Similar reduction in response (seroconversion rate and GMT) in the elderly population has been seen in previous studies with the various trivalent and tetravalent influenza vaccines. 10, 12, 15 In one such study with tetravalent influenza vaccine, the post vaccination GMT in the elderly population ( 61 years) was 118, 305, 78.3 and 155 for A/H1N1, A, H3N2, B1 and B2 respectively; while the corresponding GMTs in the adult population (18-60 years) were 221, 289, 132 and 210, respectively. 12 The TetIV contained 60 mg influenza antigens while the TriIV contained 45 mg of influenza antigens (15mg of each antigen). The higher antigenic content in the TetIV could have led to higher reactogenicity and adverse events, however the adverse event profile of both the vaccines was found to be similar in the study. Moreover, there was no significant difference in the adverse event profile in the elderly subjects (> 60 years of age) as compared to that in the adult subjects (18-60 years). These results suggest that addition of the fourth strain in the TetIV did not compromise the safety as compared to the TriIV. The safety profile of the TetIV of M/s Cadila Healthcare Limited was similar to the safety profile of the other approved and marketed tetravalent / quadrivalent influenza vaccines internationally. 16, 17 Although there are several published clinical trials demonstrating the immunogenicity and safety of tetravalent and trivalent influenza vaccines, to the best of our knowledge, this is the first report establishing the immune response and safety of any multivalent (Trivalent / Tetravalent) split virion vaccine in the Indian population. Although trivalent influenza vaccines have been marketed in the country since many years, there is no data on the immunogenicity and safety of these vaccines in Indian population in the public domain. This study has given an insight in the response of the multivalent influenza vaccines in the Indian population. Also, this is the first tetravalent influenza vaccine to have received marketing authorization in the country and is also the first tetravalent influenza vaccine manufactured indigenously in the country. Until now all the inactivated trivalent influenza vaccines being marketed in India were imported from other countries. Local manufacturing of the vaccine will help reduce cost and increase the usage thereby promoting public health in the region and will also ensure preparedness in case of pandemics.
One of the limitations of the study is that it was only a serological study and further efficacy studies would be required to evaluate the impact of including both the lineages of influenza type B strain in reducing the burden of the influenza disease in the community. Another limitation of the study was its single blind design which could have had some bias in the reporting of the adverse events. A double blind study could not be conducted as there was a difference in the packaging of the two vaccines (TetIV in a vial and TriIV in a pre-filled syringe) and a double dummy design would have led to administration of two injections in all the participants which could have raised ethical concerns.
Conclusion
The results of this randomized, single blind, multicentric, phase II / III clinical trial show that the Inactivated Tetravalent 
Material and methods
This prospective, randomized, single blind, parallel group, active controlled, multicenter, phase II / III clinical trial was conducted at 7 tertiary care centers in India from October 2015 to February 2016. The study was conducted by physicians in compliance with the Indian Good Clinical Practice Guidelines, and the Ethical Principles of the Declaration of Helsinki. The study was approved by the Office of the Drug Controller General of India, and was registered with the Clinical Trials Registry of India (www.ctri.nic.in; CTRI/2015/09/006209). The study was initiated after review and approval by the Institutional Ethics Committees at each of the seven participating study centers. Written informed consent was taken from each subject, and the entire process of informed consent was video recorded, as per the regulatory requirements of the country.
Subjects
Subjects of either sex, 18 years of age, attending the outpatient department for influenza vaccination and having adequate literacy to complete the diary cards were enrolled into the clinical trial. Subjects were excluded from the study if they had any past history of hypersensitivity reaction, neurological disorder (Guillain-Barr e syndrome or others) or any serious adverse event to any component of influenza vaccine, egg, chicken proteins, aminoglycoside antibiotics; history of administration of any influenza vaccine within the past 6 months or history of laboratory confirmed influenza in the past. Other exclusion criteria were subjects with thrombocytopenia or any coagulation disorder, or subjects on anticoagulation therapy; subjects with confirmed or suspected immunosuppressive or immunodeficiency disorder, or subjects on any immunosuppressive or immunostimulant therapy; subjects with any clinically significant systemic disorder such as cardiovascular, respiratory, neurologic, gastrointestinal, hepatic, renal, endocrine, hematological or immunological disorder; subjects with febrile illness (temperature 100.4 F) at the time of enrolment, or acute respiratory pathology or infections requiring systemic antibiotic or antiviral therapy during the preceding 7 days; subjects administered blood, blood containing products or immunoglobulins within the last 3 months or planned administration during the study; subjects with history of any other vaccine administration within the last 30 days or planned to be administered during the study period; pregnant and lactating women & female subjects not using acceptable contraceptive measures (double barrier methods, oral or injectable hormonal contraceptives or surgical sterilization); and subjects who had participated in another clinical trial in the past 3 months. Subjects were permitted to use any medication for the treatment of concomitant diseases or adverse events during the study period that were not known to interact with the immunogenicity of the vaccine. However, a record of the same was maintained in the Case Record Form.
Study procedures and vaccines
Subjects satisfying the eligibility criteria were randomized in a 1:1 ratio, as per a centralized computer generated randomization schedule, to receive either the TetIV (M/s Cadila Healthcare India) or the TriIV (Sanofi India Private Limited). As tetravalent influenza vaccine is not licensed for marketing in India, a licensed Trivalent Influenza vaccine was used as a comparator. All the subjects were administered a 0.5 mL single dose of the vaccine in a single blind manner as intramuscular injection in the deltoid muscle in the upper arm taking aseptic precautions. A double blind study was not planned as there was difference in the formulation of the two study vaccines (TetIV in a vial and TriIV in a pre-filled syringe). All the subjects were monitored for adverse events for at least 30 minutes following vaccination. Thereafter, the subjects were monitored for 42 d on an outpatient basis, with scheduled visits on post-vaccination days 7, 21, and 42.
Immunogenicity and safety assessments
Ten milliliter of blood was collected from the subjects before vaccination and 21 d after vaccination for assessment of serum antibody against the vaccine strains of A/H1N1, A/H3N2, B/ Yamagata (B/Phuket) and B/Victoria (B/Brisbane) by a validated haemaglutination inhibition assay. The assay utilized chicken red blood cells (RBCs) and aserum-virus incubation at room temperature (25 C) to provide optimal sensitivity and specificity for the vaccine antigens. Assays were performed at Cliantha Research Limited, India by laboratory scientists who were blinded to vaccine assignment. Controls (including serum control, RBC control and antigen control) and participant sera were incubated with neuraminidase to eliminate non-specific inhibitors. Spontaneous anti-species agglutinins were adsorbed by incubating the sera with a suspension of chicken RBCs. Ten two-fold dilutions (starting at 1:10) of the treated sera were incubated with a previously titrated influenza virus solution at a concentration of 4 haemagglutination units/25mL. Following incubation, the results of the assay were read, with the endpoint being the highest serum dilution in which complete inhibition of haemagglutination occurred. Both the pre-vaccination and post-vaccination sera of all the subjects were tested in the same assay and on the same plate. All the serum samples were tested in duplicate.
Seroconversion rate was defined as the percentage of subjects with either a pre-vaccination HI titer <1:10 and a postvaccination HI titer 1:40 or a pre-vaccination HI titer 1:10 and a minimum four-fold rise in post-vaccination HI antibody titer. Seroprotection rate was defined as proportion of subjects with post-vaccination titer 1:40. Geometric mean titre (GMT) of serum antibody against the vaccine strains of A/ H1N1, A/H3N2, B/Victoria and B/Yamagata were assessed at baseline (prior to vaccination) and at 21 d post-vaccination. For the purpose of calculation, any antibody titre <10 (undetectable) was expressed as 5.
Diary cards were provided to the enrolled subjects to record solicited adverse events including pain, tenderness, redness, swelling, fever, nausea, vomiting, headache, myalgia, fatigue and joint pain for 7 d following vaccination. All the other adverse events recorded during the first week after vaccination, or any adverse event noted after the first week, were recorded as unsolicited adverse events. The adverse events were graded from grade 1 to grade 4 based on criteria defined in 'Guidance for Industry -Toxicity Grading Scale for Healthy Adult and Adolescent Volunteers Enrolled in Preventive Vaccine Clinical Trials, 2007'. 18 
Statistical analysis
The primary objective of this study was to demonstrate that the lower boundary of the two-sided 95% confidence interval for the seroconversion and the seroprotection rate for all the four strains as calculated 21 d after vaccination in the TetIV group exceeded 40% and 70%, respectively. This was adapted from the CHMP, 7 US FDA 8 and WHO 9 guidance on the requirements of clinical data for licensure of seasonal inactivated influenza vaccines. The seroconversion rate and the seroprotection rate for all the four strains as obtained with the test vaccine were compared with that of the reference vaccine. The geometric mean titres for all the four strains, 21 d after vaccination were also compared between the two groups. The seroconversion rate, seroprotection rate and geometric mean titres in the two groups stratified by age groups (adults: 18 to 60 years; and elderly: >60 years) were also calculated.
Assuming the true seroconversion rate to be at least 50% and true seroprotection rate to be at least 80% for each of the four strains, a sample size of 175 subjects provided a power of more than 99% to achieve the primary objective. The seroconversion rate and seroprotection rate in the two groups were compared using chi-square tests. Unpaired t-test was used to compare the log-transformed data of the antibody titers of the two groups. P values < 0.05 were considered statistically significant.
Immunogenicity assessments were done both for the Per Protocol (PP) Population (defined as all randomized subjects who had completed the trial with no violations, as per the protocol, with both pre-and post-vaccination immunological assessments) and the modified Intention to Treat (mITT) Population (defined as all the randomized subjects with both preand post-vaccination immunological assessments, including subjects with protocol violations). The PP analysis was considered definitive and has been presented in the results section. The safety population included all subjects who were administered the study vaccine and had been available for a 30 minute observation period for safety assessment.
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